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es t ima ted  t he  sca le  o f  t he  Nav ie r -S tokes  reg ion  nea r  t he
- a l t
t r a i l i ng  edge  to  be  O(Re  
"u ) .  Howeve r ,  t hey  l ^ / e re  unab le  t o
conc lude  f r om the i r  numer i ca l  so lu t i on  whe the r  t he  sk in
f r i c t i on  i s  s i ngu la r  o r  non -s i ngu la r .  I n  t he  p resen t  wo rk
we  p rov ide  a  de f i n i t e  answer  t o  t h i s  ques t i on :  t he  sk in  f r i c -
t i on  does  have  a  squa re  roo t  s i ngu la r i t y  a t  t he  t r a i l i ng
edge .  I n  o the r  wo rds ,  t he  expans ion  o f  Ca r r i e r  and  L in  t 5 ]
app l i es  (a f t e r  co r rec t i on  by  Van  Dyke  I  t  8 ] )  t o  t he  l ead ing
as  we l l  as  t o  Lhe  t r a i l i ng  edge  o f  t he  p la te .  Fo r  t he  l i n -
ea r í zed ,  t r a i l i ng  edge  p rob lem,  S tewar t son  I tS ]  a r r i ved  a t
the same conc lus ion and again  \^ /e  may s t ress the impor tance
o f  l i nea r í zed  p rob lems  and  t he i r  exacL  so lu t i ons .
1 . 2  S u m m a r y .
Th i s  s tudy  conce rns  t he  v i scous  f l ow  nea r  t he  t r a i l i ng  edge
o f  a  f l a t  p l a te  a t  h i gh  Reyno lds  number .  Fo r  t he  desc r i p t i on
o f  t he  f l ow  c l ose  t o  t he  edge ,  t he  f u l l  Nav ie r -S tokes  equa -
t i o n s  h a v e  t o  b e  u s e d  i n  a  r e g i o n  o f  t h e  m a g n i t u d e  o ( R e  t / ' ) .
Chap te r  I I  g i ves  t he  pos i t i on  o f  t h i s  r eg ion  i n  r e l a t i on  t o
o the r  r eg ions  pe r t i nen t  t o  t he  t r a i l i ng  edge .  By  ma tch ing
the  asy rnp to t i c  expans ions ,  bounda ry  cond i t i ons  a re  de r i ved
- 2  l l r
f o r  t he  Re - " - - r eg ion .  The  f o rmu la t i on  o f  Lhe  p rob lem fo r
t h i s  r eg ion  shows  the  t r a i l i ng  edge  i n  an  i n f i n i t e l y  l a rge
f l ow  f i e l d ,  t he  bounda ry  cond i t i on  a t  ups t ream in f i n i t y  be ing
a  un i f o rm  shea r .  I n  chap te r  IV  spec ia l  a t t en t i on  i s  g i ven  t o
the  s i ngu la r i t i es  a t  ze ro  and  i n f i n i t y ,  and  i n  chap te r  V
these  s i ngu la r i t i es  a re  e l im ina ted  f r om the  quan t i t i es  t o  be
computed -  near  in f in i ty  the s ingular i ty  is  subt racted f rom
the  t o ta l  so lu t i on  wh i l e  t he  s i ngu la r i t y  nea r  ze ro  i s  d i s -
p o s e d  o f  b y  m u l t i p l i c a t i o n .
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Our numer ica l  method of  so lu t ion employs cent ra l  d i f ferences
and  i s  p resen ted  i n  chap te r  V I .  An  essen t i a l  f ea tu re  o f  t h i s
numer ica l  method is  the appl icat ion o f  l ine i tera t ion in  such
manner  as to  so lve the s t ream funct ion and vor t ic i ty  a long
each l ine f rom one system of  equat ions s ímuLtaneous lA,  By
the incorporat ion o f  an ar t i f ic ia l  t ime der ivat ive in  the
vor t ic i ty  equat ion,  the i tera t ion v /as s tab iL ized.
(Stewar tsonts  so lu t ion o f  the L ínear ízed equat ions is  con-
s idered in  appendix  A.  Appendices B,  C and D conta in  numer i -
ca l  and analy t ica l  resu l ts  for  cer ta in  boundary  layer  func-
t ions,  The e igenfunct ions are d iscussed in  appendix  E,  where
the numer ica l  f ind ings for  four  lead ing e igenfunct ions are
a l s o  p r e s e n t e d ) .
ïhe nr . rmer ica l  resu l ts  are g iven in  chapter  VI I .  The resu l ts
show the presence of  a  square root  s ingu lar i ty  in  the sk in
f r ic t ion unequivoca l ly :  two terms of  the Carr ier  and L in
expans ion are obta ined.  An in terest ing resu l t  for  the sk in
f r i c t i on  a t  t he  t r a i l i ng  edge  i s
l im  c .  rm,  =  0 .877  n " -7 /8 .
xfo r
A  e i r n i l a r  l i m i t  a r  t t r e  l e a d i n g  e d g e  ( c a l c u l a t e d  b y  V a n  d e
V o o r e n  a n d  D i j k s r r a  t r Z l )  y i e l d s  o . 7 s 5  R . - t / t .
The contr ibut ion to the drag of  the plate,  ar is ing in the
- a l u  r  l t
Re " ' - - r eg ion  i s  o f  t he  o rde r  o (ne -s /a ) .  r n  sp i t e  o f  v i go rous
and t ime-consuming ef for ts ,  the nunrer ica l  coef f ic ient  o f  the
cont r ibut ion to  the drag has not  been obta ined wi th  any accu-
racy.  Th is  has main ly  been due to  nuner ica l  d i f f icu l t ies ,
ar is ing f rom the fact  that  the vorÈic i ty  does not  decay expo-
nent ia l ly  in  the la tera l  d i rec t ion.  I , Ie  may conc lude Ëhat  the
search for  a  bet ter  d iscrete  approach to  the "notor ious"
d i f f icu l t ies  near  in f in i ty  might  be cont inued.
